Future solar missions and ground-based telescopes aim to understand the magnetism of the solar chromosphere. We performed a supporting study in Quintero Noda et al. (2016) focused on the infrared Ca ii 8542Å line and we concluded that is one of the best candidates because it is sensitive to a large range of atmospheric heights, from the photosphere to the middle chromosphere. However, we believe that it is worth to try improving the results produced by this line observing additional spectral lines. In that regard, we examined the neighbour solar spectrum looking for spectral lines that could increase the sensitivity to the atmospheric parameters. Interestingly, we discovered several photospheric lines that greatly improve the photospheric sensitivity to the magnetic field vector. Moreover, they are located close to a second chromospheric line that also belongs to the Ca ii infrared triplet, i.e. the Ca ii 8498Å line, and enhances the sensitivity to the atmospheric parameters at chromospheric layers. We conclude that the lines in the vicinity of the Ca ii 8542Å line not only increase its sensitivity to the atmospheric parameters at all layers, but also they constitute an excellent spectral window for chromospheric polarimetry.
INTRODUCTION
Space missions have traditionally focused on performing spectropolarimetric observations measuring the four Stokes parameters in a narrow spectral window where one or two photospheric absorption lines of interest are present. For instance, see Hinode/SP (Tsuneta et al. 2008; Lites et al. 2013) , SDO/HMI (Pesnell et al. 2012; Schou et al. 2012) , and Solar Orbiter/PHI (Gandorfer et al. 2011; Solanki et al. 2015) . On the contrary, ground-based telescopes usually have instruments that can cover several spectral lines simultaneously as THEMIS/MTR (López Ariste et al. 2000; Paletou & Molodij 2001) , SST/CRISP (Scharmer et al. 2003 (Scharmer et al. , 2008 , DST/IBIS (Cavallini 2006) and DST/SPINOR (Socas-Navarro et al. 2006) , Gregor/GRIS (Schmidt et al. 2012; Collados et al. 2012) , or ZIMPOL (Povel 2001) , ⋆ E-mail: carlos@solar.isas.jaxa.jp among others. In most of the mentioned cases, the light beam occupies almost the full length of the camera in one of its directions due to the larger spectral coverage what directly increases the amount of data generated. Although the data rate is not usually a crucial factor for ground-based telescopes, space-based missions have an extremely limited telemetry. Thus, unless there is a strong reason to expand the wavelength coverage it is highly recommendable to keep focusing on narrow spectral windows that contain a high density of useful lines. In this regard, we find it extremely helpful to perform theoretical studies and observations to define the optimum spectral window for the purposes of a given mission. For example, Hinode/SP was strongly supported by ASP (Elmore et al. 1992) observations and SDO/HMI benefited from groundbased observations but also from specific supporting works as Norton et al. (2006) . We performed a similar study in Quintero Noda et al. (2016) aiming to support future misc 2016 The Authors sions with chromospheric polarimetry as the main target, for instance, Solar-C (Katsukawa & Solar-C Working Groups 2011; Katsukawa et al. 2012; Watanabe 2014; Suematsu & Solar-C Working Group 2016) . We concluded that the Ca ii 8542Å is a unique spectral line that is sensitive to a large range of heights, from the photosphere to the chromosphere (see Figure 4 and 6 of the mentioned work). However, its sensitivity to the magnetic field at photospheric layers is low which precludes examining quiet Sun magnetic fields at these heights. Therefore, there is still room for improvement and, for this reason, we decided to examine the solar spectrum at the vicinity of the Ca ii 8542Å line. In this regard, if we observe additional spectral lines we will increase the number of spectral points with valuable information, particularly if these lines have different heights of formation, which will enhance the accuracy of the inferred atmospheric parameters (for example, Asensio Ramos et al. 2007 ). However, in order to achieve this purpose we have to expand the spectral window which will increase the data rate if we maintain the same spectral sampling. Therefore, it is essential that these additional lines provide valuable information complementing the Ca ii 8542Å spectral line.
The aim of this work is to provide a thorough study of one of the most promising spectral windows to perform simultaneous polarimetric observations of the photosphere and chromosphere. This is of high relevance for future missions as Solar-C, but also to future ground-based telescopes as DKIST (Elmore et al. 2014) or EST (Collados et al. 2013 ).
SPECTRAL LINES

Characterization
We have thoroughly examined the spectral lines that can be detected from 840 to 870 nm using a solar atlas (Delbouille et al. 1973 ) looking for promising candidates. We found the three chromospheric lines from the Ca ii infrared triplet located at 8498, 8542, and 8662Å, and a large amount of photospheric lines. Moreover, we also wanted to find a spectrum that could be observed with one single camera, without changing the wavelength range. Therefore, we have to bear in mind that the instrument's camera has available a finite number of pixels. In that sense, the wavelength spectrum we can fit in it is proportional to the spectral sampling (∆λ ) we use, i.e. the larger the spectral sampling (poorer spectral resolution) the larger the spectrum we can observe. Thus, we realized that we cannot observe a spectral range of at least 170Å (required to cover the Ca ii infrared triplet) with a conventional camera of 2000 or 4000 pixels without largely increasing the spectral sampling. As the Ca ii 8542Å line is the best of the triplet (see, for instance, Pietarila et al. (2007) ; de la Cruz Rodríguez et al. (2012)), we looked for interesting lines in its vicinity. We discovered that there are more promising lines at bluer wavelengths for two main reasons. The first one is that, contrary to the Ca ii 8662Å line, the Ca ii 8498Å line core is not blended with any other solar line, which allows to unambiguously separate the line core chromospheric contribution from any type of Figure 1. Solar spectrum for the infrared region located around 850 nm. We highlighted the most important lines with vertical dotted lines and we labelled them with numbers. These numbers correspond to the ones used in Table 1 . 1.10 1823 Table 1 . Spectral lines included in the infrared 850 nm window. Each column, from left to right contains the number we assigned to each line in Figure 1 , the corresponding atomic species, line core wavelength centre, the oscillator strength of the transition, the spectroscopic notation of the lower and the upper level, the effective Landé factor, and the line core intensity in arbitrary units (the continuum level corresponds to 10000).
parasitic contribution 1 . The second reason is that the region around the Ca ii 8498Å line presents two strong absorption lines whose effective Landé factor is higher than 1.75. We can see the spectral lines corresponding to the mentioned 850 nm window in Figure 1 . We labelled with numbers the lines we selected to perform this study and we describe them in detail in Table 1 . Their atomic information was retrieved from the NIST (Kramida et al. 2015) and VALD (Ryabchikova et al. 2015) databases, and Socas-Navarro (2007) . These lines fulfil the Russel-Saunders (or L-S) coupling scheme and we computed their effective Landé factor as
where g u and J u are the Landé factor and the total angular momentum of the upper level of the transition while g l and J l correspond to the same quantities of the lower level of the transition. The Landé factor of each level is computed as
where S, L, and J, are the total spin, orbital angular momentum and total angular momentum of the corresponding level. For more information, see Landi Degl 'Innocenti & Landolfi (2004) .
Besides the stronger lines, we also take into account weaker spectral lines that are located close to the line core of the Ca ii infrared lines, see lines number 6 and 11, in order to check if these lines can contaminate the Ca ii lines. The rest of the unlabelled lines in Figure 1 are weak, they cannot be described under the L-S coupling scheme, or they are not clearly defined in the mentioned databases.
If we examine Figure 1 , we will quickly notice the two wide Ca ii lines, labels 7 and 12, but also two deep narrow lines that posses a large effective Landé factor, see numbers 1 and 8 in Table 1 . In fact, these numbers are relatively close to those of the commonly used iron pair located at 630 nm, i.e. Fe i 6301.5 (g e f f = 1.67) and Fe i 6302.5 (g e f f = 2.5). Moreover, as the Zeeman splitting is proportional to the square of the wavelength (see Eq. 3.14 of Landi Degl 'Innocenti & Landolfi (2004) ) these two lines are theoretically (the amplitude of the Stokes polarization parameters also depends on the gradient of the source function) more proficient for measuring the Stokes polarization profiles produced by weak magnetic fields.
Methodology
We have found several promising line candidates based on their effective Landé factor. However, we want to quantify their capabilities and their sensitivity to the magnetic field using different atmospheric models as input. We aim to synthesize the four Stokes parameters assuming nonlocal thermodynamic equilibrium (NLTE) conditions using the nicole code (Socas-Navarro et al. 2015) that optimally works for the infrared Ca ii. The code has the limitation that only one atomic species can be treated in NLTE at the same time. However, the only two NLTE lines that appear in Table 1 belong to transitions of the same atom, therefore, we can synthesize all the lines of the mentioned table simultaneously, computing the rest of the lines under the LTE approximation. We employed nicole for computing the Stokes profiles using a semi-empirical 1D model (see Section 3) and a realistic 3D model (see Section 4). 
SYNTHESIS OF STOKES PROFILES USING
A 1D MODEL
Maximum polarization signals
The first study we performed was computing the polarization signals produced by the lines of Table 1 using a semiempirical model. We followed the same procedure used in Quintero Noda et al. (2016) (see section 5.3 of that work) where we added a constant magnetic field to the FALC atmospheric model (Fontenla et al. 1993 ) and we changed its strength from 1 to 1000 G. For simplicity, we used a single inclination and azimuth value of 45 degrees and we only modified the magnetic field strength.
The results for the most relevant lines 2 are included in Figure 2 . We can see that the polarization signals are different for the two Ca ii lines (black and green colours), being always larger for the Ca ii 8542Å line, especially for the transverse field (top panel). These differences could come from the slightly larger Landé factor of the latter but also to different Zeeman splitting patterns as it is also a much broader line (see Figure 1 ), although we should perform additional studies in the future to confirm these hypothesis. These results reveal that we can detect inclined fields with a strength as low as ∼ 120 G with a noise level of 5 × 10 −4 of the continuum intensity signal (I c ). On the other hand, if we focus on the photospheric lines (red and blue colours) we can see that the one with largest g e f f , i.e. Fe i 8468Å, always shows larger polarization signals. In addition, for both cases we can detect inclined fields whose strength is as low as 20 G with the same reference noise level.
Response functions
The next study we did is to determine the sensitivity of these lines to changes in the atmospheric parameters following the same procedure used in Quintero Noda et al. (2016) (see Section 3) to compute the response functions (RF) for the lines included in Table 1 . We opted in this case to reduce the number of 2D plots because the spectral coverage is too large to properly see the RF if we use the same 20 panels included in Figure 6 of the mentioned paper. Thus, we just show in Figure 3 the Stokes I RF to the temperature and the Stokes V RF to the longitudinal magnetic field, both normalized to the maximum value of the first response function.
Starting with the temperature RF, top panel, we can see that the two Ca ii lines reach higher in the atmosphere, up to approximately log τ = −5.5 while the photospheric lines, mainly the Fe i 8468 and 8514Å lines, show sensitivity up to log τ = −3.8. Similar results can be found for the longitudinal field, bottom panel, where the asymmetric shape of the Stokes V profile is clearly identified through opposite RF values for each spectral line wing (blue and red colours). In addition, we can also detect two white narrow bands around log τ = [−4, −5] where the sensitivity to the longitudinal field drops to almost zero before the RF changes of sign.
Additionally, it is also useful to study the vertical stratification of the RF at certain wavelengths as was shown, for instance, by Ruiz Cobo & del Toro Iniesta (1992) or Fossum & Carlsson (2005) . For this reason, we made a onedimensional plot computing the maximum of the RF to different physical parameters at any wavelength of the spectrum shown in Figure 3 . Moreover, we aim to compare these results with the ones obtained synthesizing only the Ca ii 8542Å line. Thus, we plotted the different possible scenarios in Figure 4 , where dotted colour lines designate the RF values for the four strongest lines of Table 1 while the solid grey line depicts the effective RF using the results of combining all the spectral lines.
If we start with the RF to perturbations in the temperature we find that there is an improvement at chromospheric layers thanks to the Ca ii 8498Å line (green) whose peak is larger although it is located at slightly lower heights. Unfortunately, there is not much improvement at lower layers as the Ca ii 8542Å wings are already very sensitive to the temperature. However, the situation changes for the rest of the atmospheric parameters where observing all the lines of Table 1 (grey) largely enhances the sensitivity to the atmospheric parameters with respect to the case of observing only the Ca ii 8542Å line (black). This is partially because photospheric lines, i.e. red and blue colours, are highly sensitive to changes in the atmospheric parameters below log τ ∼ −3.8, this improvement being even larger in the case of the hori- Each curve corresponds to the RF maximum value for the four Stokes parameters and for all the computed wavelengths for the four strongest lines in Table 1 , i.e. Fe i 8468Å, Ca ii 8498Å, Fe i 8514Å, and Ca ii 8542Å. We used the same colour and line type criteria used in Figure 2 . The effective sensitivity from combining the results for all the lines of Table 1 is plotted in grey.
zontal components of the magnetic field (see third and fourth panels). In addition, we also detect a larger sensitivity to all the atmospheric parameters around log τ ∼ −4.5 due to the Ca ii 8498Å line (green). Therefore, measuring all the lines presented in Table 1 , we do not only increase the sensitivity at photospheric layers but also in the chromosphere. Unfortunately, in spite of these good results, we still have a region of low sensitivity at log τ ∼ −4 (see grey solid line) that now is clearer to detect due to the large sensitivity of photospheric lines. This low sensitivity region indicates that we will not be able to accurately determine the physical information of this atmospheric layer.
Finally, before moving to the next section, we would like to remark that the RF are model dependent. Therefore, we should consider the results of Figure 3 and 4 as illustrative findings instead of absolute ones.
SYNTHESIS OF STOKES PROFILES USING A REALISTIC 3D MODEL
We employed in this section a snapshot from a 3D MHD simulation calculated with the bifrost code (Gudiksen et al. 2011 ) that includes a patch of enhanced network (Carlsson et al. 2016) corresponding to snapshot number 385. This snapshot has been used in several studies focused on the Ca ii 8542Å (de la Cruz Rodríguez et al. 2012 and the Hanle effect produced by this line (Štěpán & Trujillo Bueno 2016) , in the formation of the H α line (Leenaarts et al. 2012 ) and the nature of the H α fibrils (Leenaarts et al. 2015) or for studying the differences between the complete and partial redistribution assumption for the Mg ii h&k lines (Sukhorukov & Leenaarts 2016) . We have selected a small fragment of the simulated snapshot, see Figure 5 . This fragment is different than the one used in Quintero Noda et al. (2016) , i.e. it is three times larger and contains most of the magnetic patch located on the right side of the original field of view (see Figure 2 of Carlsson et al. (2016) ). This magnetic field is located inside intergranular lanes that harbour large downflows and contain cool plasma. We chose a small fragment of the simulation in order to accelerate the process of synthesis but it is large enough to contain several granules and to allow us to study the spatial distribution of signals for different intergranular magnetic field concentrations.
We employed this simulation to examine the spatial distribution of intensity signals for different wavelengths and we compared these intensity signals for the most relevant lines of Table 1 . Later, we computed for those relevant lines their maximum polarization signals aiming to estimate their amplitude as their spatial distribution inside the network patches. The method employed is the same used in Quintero Noda et al. (2016) where we used an ideal spectral sampling of 1 mÅ, a microturbulence value constant with height and equal to 3 km/s (see de la Cruz Rodríguez et al. (2012)), and we spectrally degraded the synthetic profiles using a macroturbulence of 1.5 km/s, i.e. we convolved the synthetic profiles with a Gaussian with 42 mÅ width, aiming to simulate realistic conditions.
Line intensity at different wavelengths
We studied the spatial distribution of intensity signals at different wavelength points along the spectral line for the four lines examined in the previous sections, i.e. labels 1, 7, 8, and 12 of Table 1 . We know that intensity images taken at the core of the Ca ii 8542Å line show fibrilar structures as the ones commonly found in H α images although less prominent, (e.g., de la Cruz Rodríguez & Socas-Navarro 2011; Rouppe van der Voort & de la Cruz Rodríguez 2013). In this study, we want to compare the landscape of intensity signals produced by the Ca ii 8498Å line with the one generated by the Ca ii 8542Å that, based on previous results, seems to form a bit higher in the chromosphere. Moreover, we expect that the rest of the relevant lines used in this study, i.e. the photospheric Fe i lines, will form lower in the atmosphere. However, we also want to examine the spatial distribution of their intensity signals to check how high in the photosphere these lines can probe the atmospheric parameters.
We show in Figure 6 the intensity signals at three different wavelength positions from the line core of each selected line, i.e. ∆λ = [1, 0.2, 0]Å from the line core for the Ca ii lines and ∆λ = [1, 0.15, 0]Å for the iron lines. In the case of the Fe i 8514Å, we selected ∆λ =-1Å instead because there is a different spectral line at ∆λ =+1Å from its line core (see Table 1 ). If we focus first on the photospheric lines, i.e. odd rows, we can see the granulation pattern at ∆λ =1Å (at ∆λ =-1Å in the case of the Fe i 8514Å) from the line core (leftmost column), where granules are brighter than intergranular lanes. We also find bright intergranular lanes that correspond to regions where the longitudinal field is strong (see Figure 4) and produces a depression of the visible surface. Moving to a wavelength position closer to the line core, middle column, we start to detect the reverse granulation pattern (Evans & Catalano 1972) where granules appear darker than intergranular lanes (see also, Nordlund 1984; Cheung et al. 2007 ). However, we want to remark that the pattern is less clear than that found in observations (for instance, Rutten et al. 2004; Janssen & Cauzzi 2006) . At this wavelength, the bright points corresponding to magnetic field concentrations are still brighter than their surroundings. Lastly, if we examine the intensity signals at the line core of both iron lines (rightmost column) we detect a very dynamic landscape where the granulation pattern is no longer visible and the structures fade away to higher spatial scales. Interestingly, bright photospheric points are still the brightest features and, in some cases, they are surrounded by dark structures that were barely detectable before (see, for instance, the narrow patch at [6,2] Mm). Before moving to the chromospheric lines we would like to mention that we do not detect any appreciable difference between the spatial distribution of intensity signals between the two photospheric lines although the contrast of the features seems slightly higher for the Fe i 8514Å line (same colourbar scale).
The Ca ii lines are plotted in even rows and we can see that at ∆λ =1Å, leftmost column, the reverse granulation pattern is slightly visible for the Ca ii 8498Å line while it is clearer for the broader Ca ii 8542Å line. It seems that the latter is scanning an atmospheric layer higher than the one examined by the photospheric lines at ∆λ =+0.15Å (middle column) but lower than the one showed by their line core (rightmost column). If we study the intensity signals for the Ca ii lines at ∆λ =+0.2Å we see small differences between them. Both lines show a complex pattern pervaded by elongated features although the contrast is higher for the Ca ii 8542Å line. Finally, Ca ii intensity signals are very similar again at their respective line cores. In this case, the landscape shows high contrast structures with bright features that are not always correlated with photospheric magnetic field concentrations and extremely dark areas. This similar landscape means that the Ca ii 8498Å line core forms at high atmospheric layers, the same layers where the Ca ii 8542Å forms. Therefore, scanning both lines we will obtain a larger number of spectral points that contain chromospheric information.
Maximum polarization signals
We want to study in the present section whether the polarization Stokes profiles exhibit the same behaviour. To this end, we computed the maximum polarization signals of each Stokes profiles for the four representative lines used in the previous sections. The absolute value of these maximum polarization signals is plotted in Figure 7 , where each column represents a different Stokes profile, from left to right, Q, U, and V , and each row corresponds to a different spectral line organized in the same order as in Figure 6 , i.e. Fe i 8468, Ca ii 8498, Fe i 8514, and Ca ii 8542Å, from top to bottom, respectively.
If we first start with the two Fe i photospheric lines, odd rows, we can see that, as happen for the line intensity, the spatial distribution of signals is very similar for both lines. There are linear polarization signals close to the network patch and at [5.6,9.5] Mm, and circular polarization signals in the regions of strong longitudinal magnetic field. However, the larger effective Landé factor of the Fe i 8468Å line, produces higher polarization signals for the three Stokes parameters (the colourbar scale of the plots is the same).
Regarding the Ca ii lines we see a distinct behaviour for each one. The Ca ii 8498Å line, second row, shows linear polarization signals that are located at the edges of the photospheric longitudinal concentrations but not in the same location as the ones found for the iron lines. They are located outside these photospheric signals indicating that the line is sensitive to the magnetic field at higher layers, where it is more inclined (due to the reduction of the gas pressure the magnetic field expands filling larger areas). Remarkably, the linear polarization signals for the Ca ii 8542Å, although similar, show higher amplitude and seem to extend even further from the longitudinal photospheric magnetic field. This is probably a consequence of the different formation heights and Zeeman splitting patterns between the two lines. Moving into the longitudinal fields we found a mixed behaviour for the Ca ii 8498Å line with regions that closely resemble the photospheric lines, for instance at [6.5,2] Mm, but also spatial locations where the magnetic features occupy a much larger area than those showed by the photospheric lines, e.g. the patch at [3,3.5] Mm. On the contrary, the Ca ii 8542Å line, always displays a behaviour where the narrow photospheric magnetic field concentrations have turned into large diffuse areas that extend far away from their photospheric roots.
Spectral sampling effect on the maximum polarization signals
We demonstrated in Section 3 that adding all the spectral lines of Table 1 we can infer with higher accuracy the atmospheric parameters at both photospheric and chromospheric layers. However, there is a drawback when we move from observing only one spectral line to measuring a much larger spectral window and that is the spectral sampling of the observation. We used in Quintero Noda et al. (2016) tral window of 8Å to synthesize the Ca ii 8542Å line while we propose in the present work a spectral window of 90Å, i.e. more than 10 times larger. In principle, we can cover this spectral window with different spectral sampling steps, depending on the number of pixels available on the instrument's camera. For instance, using a ∆λ = 25 mÅ we would need 3600 spectral points, i.e. pixels in the camera, to cover the entire spectrum. However, using a different spectral sampling, e.g. ∆λ = 45 mÅ we would only need 2000 spectral points. This means, that the second case could work with a 2k × 2k camera while the first one requires at least a 4k × 4k camera which represents a much higher cost.
Bearing this limitation in mind we decided to study the impact of increasing the spectral sampling of the observations. There are several ways to do this and we decided to follow a simple approach examining how the amplitude of the polarization signals changes when we used a large spectral sampling (poorer resolution). However, we should note Figure 8 . Maximum polarization signal using a 25 mÅ spectral sampling (x-axis) versus the case of using a 45 mÅ spectral step (y-axis). Red line indicates the case where maximum polarization signals are equal, i.e. x = y. Each column designates a different Stokes parameter, being from left to right, Stokes Q, U, and V , while each row corresponds to a different line of Table 1, with labels 1 , 7, 8, and 12. that not only the maximum polarization signals are affected but also the spectral shape of the Stokes profiles could be altered if we use a higher spectral sampling value as we are averaging the signals along the spectral dimension, although this can also help to achieve a lower noise level.
We synthesized the Stokes profiles for the most relevant lines of Table 1 , i.e. labels 1, 7, 8, and 12. As we mentioned in Section 4, we used an ideal spectral sampling of 1 mÅ for the synthesis of the Stokes profiles. Then, we degraded the Stokes parameters computing the mean intensity value of each profile along discrete spectral steps. In this case, trying to simplify the visualization of this study, we only used two discrete spectral values whose sizes are 25 and 45 mÅ. In that sense, we aimed to reproduce, in a simplified way, the instrumental effect of degrading the spectral sampling. The input atmospheric parameters are the same as in the previous section and correspond to the bifrost simulation snapshot displayed in Figure 5 . The comparison between maximum polarization signals for a spectral sampling of 25 and 45 mÅ are plotted in Figure 8 . We used as a reference the polarization signals obtained with ∆λ = 25 mÅ instead of the original 1 mÅ because we consider that, except some spectrographs that have a specific science target that requires extremely high spectral resolution (∆λ ∼ 1mÅ) as ZIMPOL (Povel 2001) or FTS (Brault 1979 ) (only intensity measurements), solar instruments employ a spectral sampling that ranges between ∆λ = 20 ∼ 30 mÅ (see the introduction and Sec. 2.1).
In this occasion, there are not notable differences between the four spectral lines (see Figure 8) . We found that the scatter points followed the red line for lower polarization values for every Stokes parameter. However, as we move to higher polarization signals, the scatter points deviate from the red line towards the x-axis, i.e. ∆λ = 25 mÅ, indicating that we would detect a lower signal using the poorer spectral sampling of ∆λ = 45 mÅ. We computed how large could be the difference, in order to account for the worst scenario, and we found a diminishing of up to 17 per cent of the signal obtained using ∆λ = 25 mÅ. However, the mean loss of signal is smaller, being always between 4 ∼ 6 per cent for all the lines and Stokes parameters. Thus, the degradation suffered from employing a spectral sampling of ∆λ = 45 mÅ is small probably because the Doppler width of the examined lines is larger than this value.
SUMMARY
Several studies have demonstrated that the Ca ii 8542Å line is one of the most promising candidates for performing polarimetric observations, (e.g., Cauzzi et al. 2008) , as it provides continuous information from the photosphere to the chromosphere. In this work, we went a step further and we discovered a design that improves the capabilities of this line adding the neighbouring spectral lines, mainly the second line of the infrared triplet, i.e. Ca ii 8498Å line, and two strong photospheric lines, i.e. the Fe i 8468 and 8514Å lines (never used in the literature as far as we know). This new design greatly enhances the sensitivity to the atmospheric parameters at lower heights, thanks to the iron lines, but we also discovered a moderate improvement in the upper atmosphere where the Ca ii 8498Å line core forms. Moreover, all these lines can be synthesized/inverted simultaneously with nicole assuming NLTE and complete redistribution which largely simplifies the computational process. Thus, it is difficult to find a strong argument against observing all the lines of Table 1 to improve the sensitivity to the atmospheric parameters. The only one is the increase of the spectral sampling (poorer spectral resolution) of the observation. However, we performed a quick test finding small differences on the maximum polarization signals between using a reference spectral sampling of ∆λ = 25 mÅ or a worse value of ∆λ = 45 mÅ. Therefore, we can conclude that one of the best options to perform chromospheric polarimetry is to measure all the lines included in Table 1 and, for this reason, we encourage future missions as Solar-C, DKIST, and EST to observe them.
As future work, we plan to perform an additional study to confirm the advantages of measuring multiple lines. We aim to compare the results from the inversion of the Stokes profiles generated from an artificial atmospheric toy model when we use only the Ca ii 8542Å line or we invert all the lines of Table 1 . We foresee an improvement in the atmospheric parameters at lower heights based on the RF results presented in Figure 4 . However, we also want to quantify the expected improvement at higher layers as we will increase the number of wavelength points that are sensitive to these heights. In addition, it is well known that the isotopic splitting of the Ca ii 8542Å line affects the retrieved gradients of the atmospheric parameters (Leenaarts et al. 2014 ), thus we aim to perform a similar study as the one done by these authors for the Ca ii 8498Å line to establish how important is the isotopic splitting in this case. Moreover, it will be interesting to check the differences between 1D and 3D computations following the steps of Sukhorukov & Leenaarts (2016) although in our case it will also be necessary to estimate this effect on the polarization profiles. Finally, we also plan to perform observations of different solar features, for instance, a sunspot or a plage region, to estimate the polarization signals produced by all the lines of the 850 nm spectral region.
